The Electrochemical Society, Inc.

ABSTRACT FORM
Chicago, lllinois, October 8-13, 1995

Submit to:  The Electrochemical Society, Inc. Abstract no.
10 South Main Street, Pennington, NJ 08534-2896 (To be assigned by the Society)
With a copy to the Symposium Organizer(s)

Title of Symposium Environmental Sensors
Sponsoring Division(s)/Group(s) Sensor/ New Technology Subcommittee
Title of paper A Variable Potential Porous Silicon Carbide Hydrocarbon Gas Sensor

Author(s) with complete mailing address - (List presenting author first and include contact author’s telephone and fax numbers)

1. M.A. Ryan, Mail Stop 303-308, Jet Propulsion Laboratory,
4800 Oak Grove Drive, Pasadena, Ca 91109
tel: (818) 354-8028 fax: (81 8) 393-4272 e-mail: mryan@jpl.nasa.gov

2. V.B. Shields, Mail Stop 303-308, Jet Propulsion Laboratory,
4800 Oak Grove Drive, Pasadena, CA 91109

3.  R.M. Williams, Mail Stop-308, Jet Propulsion Laboratory,
4800 Oak Grove Drive, Pasadena, CA 91109

4. M.G. Spencer, Materials Science Research Center of Excellence,
School of Engineering, Howard University, Washington, DC 20059

5. D.M. Collins, Materials Science Research Center of Excellence,
School of Engineering, Howard University, Washington, DC 20059

6. D.Zhang, Materials Science Research Center of Excellence,
School of Engineering, Howard University, Washington, DC 20059

Type abstract in area below - double spaced. If more spaceis needed, use an additional sheet of paper.

A sensor which is capable of detecting hydrocarbons and distinguishing among them
at temperatures in the range 100- 500"C has been constructed from 6H-silicon
carbide and tested in methane and propene. The active layer on the sensor is
photoelectrochemically etched porous silicon carbide. Experimental data show that it
is possible to detect the presence of the two hydrocarbon gases as pure gas or as

0.5% hydrocarbon in argon, and to distinguish between them.

Do you plan to present more than one paper at this Meeting? [ no [l yes; If so, indicate Symposia
Surface Processing for Energy Applications I

Do you require any audiovisual equipment?
(] 35 mm (2x2 in.) slide projector [1 Overhead projector [0 Other equipment at author’'s expense and subject to availability




A Variable Potential Porous Silicon Carbide
Hydrocarbon Gas Sensor

M.A. Ryan, V.B. Shidlds, and R.M. Williams
Jet Propulsion Laboratory
Cdlifornia Ingtitute of Technology
Pasadena CA 91109

M.G. spencer, D.M. Caollins, and D. Zhang
Materiadls Science Research Center of Excellence
Howard University
Washington DC 20059

A sensor which is capable of detecting hydrocarbons
and distinguishing among them at temperatures in the range
100- 500°C has been constructed from 6H-silicon carbide
and tested in methane and propene. Experimental data
show that it is possible to detect the presence of the two
hydrocarbon gases and to distinguish between them.

The ability to detect hydrocarbon and other organic
vapors with a small, lightweight sensor made from silicon
carbide has several applications and advantages. Such an
ability would be desirable to monitor the congtituents in the
exhaust stream of an engine, to monitor the atmosphere in
an enclosed area which depends on cleaning recirculated air
for breathing, or for use in monitoring functions in various
process industries. Silicon carbide is a robust
semiconducting material which may be operated at
temperatures  substantially  higher  than = operating
temperatures for silicon.

Semiconductor based sensors such as those made from
Sn0O, are well known, and are capable of detecting oxygen
containing compounds such as CO and CO, as well as
hydrogen containing compounds such as NH, and H, [1].
Such sensors are also able to detect hydrocarbon
compounds, but are not able to distinguish among them.
Recent developments in silicon carbide material growth
technology make it possible to construct sensors using SiC
asthe electronic material as well as the active materia in a
gas sensor. The importance of SiC is based upon its
ruggedness, durability, and relatively low cost, as well as its
gotential for use at high temperature (much greater than

3(Y’'C) and power levels.

A capacitor-type sensor based on a cataytic surface
attached to a SiC substrate has been constructed and tested
by Arbabetal. [2]; that sensor requires high temperatures
(> 500°C) for catalysis, and it is not clear that the sensor
is able to distinguish among hydrocarbon compounds in the
gas stream.

The sensor to be discussed here is made from
hexagonal (6H) silicon carbide, and includes a layer of
porous SiC on the bulk SiC; it has been tested in argon,
methane and propene. A chromium grid was evaporated on
the porous laver to provide an equipotential contact and a
path’ for the diffusion of gasinto the sensor while a nickel
contact was denosited on the unetched side of the SiC
wafer. Experiments show the sensor’ s ability to distinguish
among an inert gas, argon, and the two hydrocarbons
methane and propene. Experiments in streams of the pure
gases showed non-linear, reproducible differences in
current-voltage curves, run from -7 to 7 V across the
device. Figure 1 shows a plot of the current differences
between methane and propenc, normalized to the argon
response, thus eliminating pure resistive effects in the
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current-voltage curves. Experi mental evidence of the ability
to distinguish among gases in mixed streams will also be
presented. The discriminating ability of this sensor has
been  demonstrated  both in pure gas and in low
concentrations (0.5 %) of gas in argon.

The operation of the SiC sensor is based on adsorption
and reaction of hydrocarbon in a layer of porous or of
polycrystalline SIC. 1he use of slicon carbide alows the
gas sensor to function at high temperatures such as those
typically found in automotive exhaust streams; however,
testing has shown that the sensor may also be operated at
substantially lower temperatures, and so it may be used in
lower temperature applications such as monitoring the
composition of breathing air. The mechanism of operation
is not yet understood; it may operate based on dissociation
of the hydrocarbons, where different weights and bond
strengths determine the potential at which dissociation
occurs, Alternatively, or perhaps additionally, the sensor
may operate as an electrochemical device in which the
hydrocarbon is oxidized at the surface at its oxidation
potentia or by a change in surface capacitance or resistance
owing to adsorption of organic molecules, In either
mechanism, the hydrocarbon, or perhaps class of
hydrocarbons, is identified by the potential at which the
sensor responds.

The present example being tested at JPL is configured
asa simple vertical construction of 6H-SiC with a porous
layer as an active layer. It is possible that addition of a
catalyst may add specificity or range by influencing the
mechanism. Such questions will be addressed in thistalk.
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Figure 1: The iV curve of pure methane and pure propene on the SiC

sensor strews a clear difference in response.  The argon response is
subtracted from the hydrocarbon response in this plot.




